(W) A 36 424 USACERL TECHNICAL REPORT P-91/10
\\ll\l\\l|\|\\l!l\\\\ﬂ‘l\\l\l\\M\\\\\\\l' Vay 196

US Army Corps 7
of Engineers 0{
Construction Engineering

Research Laboratory

Maintenance Resource Prediction in the
Facility Life-Cycle Process

by

Edgar S. Neely

Robert D. Neathammer
James R. Stirn

Estimates of maintenance resources are needed

during all phases of the Army facility life-cycle: ’ I 'l
planning, design, operation/maintenance, and
demolition. ELECTE

In the past, estimatles that involved maintenance JUNQ 6 139';
resources have been inaccuraie due 1o the lack

of a comprehensive data base containing mainte- B
nance costs. To improve this accuracy, the U.S.

Armmy Construction Engineering Research Labora-

tory (USACERL) has devsloped a serigs of

maintenance resource data bases which can be

used in economic analyses. In addition, models

have been devised for prediction of outyear

maintenance costs. Computer programs have

been developed to automate the data bases and

prediction models.

This report describas the research and develop-
ment for this project. Separate USACERL re-
ports present the data base contents, computer
program descriptions, and user manuals.

HIEAVBRH AR
8YLLO-L6

Approved for public release; distribution is unfimited.

g1 6 4 029




The contents of this report are not to be used fur advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Depart-
ment of the Army position, unless so designated by other authorized
documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED

DO NOT RETURN IT TO THE ORIGINATOR




REPORT DOCUMENTATION PAGE Form Appraved

OMB No. 0704-0188

Pubhe mpomng burden for this colleciion o' information - eclimated to average 1 hour per respoms, including the time for reviewing instrudtions, hing existing data

hering and mai g the data needed, and corrpleting and reviewing lho oollec‘lm d n!urm-lnn Send comments regasding this burden estimats or any uhm aspoct of this
nollodnon of information, moludlng suggestions for reduci lhn burden, to Washi Services, Directorats for information Operaticns and Reports, 1215 Jefterson
Davm Highway, Suite 1204, Arlinglon, VA 22202-402, Mﬁ 1o the Offios of Mnmqomom and Budgu Faperwork Redudion Project (0704-0138), Washingion. OC 20502,

1. AGENCY USE ONLY (Leava Biank) 2. REPOAT DATE 3. REPORT TYPE AND DATES COVERED
May 1991 Final

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Maintenance Resource Prediction in the Facility Life-Cycle Process
RDTE dated 1980-

&. AUTHOR(S) 1983, REIMB 1984-
1988

Edgar S. Neely, Robert D. Neathammer, James R. Stim

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSIES) ) zgigowne OF:‘GANIZATION
AT NUMBE!
U.S. Amy Construction Enginecring Research Laboratory (USACERL) .
2902 Newmark Drive, PO Box 4005 IR P-91/10
Champaign, [L 61824-4005
. SPONSORINGMONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER
HQUSACE Office of the Chief of Engincers
ATTN: CEMP-EC ATTN: DAEN-ZCP-B
20 Massachusetts Avenue, NW Pentagon
Washington DC 20001 Washington DC 20310

11. SUPPLEMENTARY NOTES

Springfield, VA 22161

124. DISTRIBUTION/AVARABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTHACT {(Maximum 200 words)

Estimates of maintenance resources are needed during all phases of the Amy facility life-cycle: planning,
design, operation/maintenance, and demolition,

In the past, estimates that involved maintenance resources have been inaccurate due to the lack of a
comprehensive data base containing maintenance costs. To improve this accaracy, the U.S. Army
Construction Enginecring Resecarch Laboratory (USACERL) has develeped a serics of maintenance
resources data bases which can be used in economic analysis. In addition, models have been devised for

prediction of outyear maintcnance costs. Computer programs have been developed to automaite the data
bases and prediction models.

This report describes the research and development for this project. Scparate USACERL reports present the
data contents, computer program descriptions, and user manuals.

14. SUBJECT TERMS 15. NUMBER OF PAGES
data bases facilities maintenance 58
life-cycle costs cost analysis 16. PRICE CODE
7. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABS R/ T
CF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassificd Unclassificd SAR

NSN 7540-01-280-5500 Standad Form 298 (Rev. 2-89)

Proscnbed by ANS! Sid 230-18
208.102




FOREWORD

This reszarch was conducted for the Directorate of Military Programs, Headquarters, U.S. Army
Corps of Engineers (HQUSACE), under various Research, Development, Test, and Evaluation (RDTE)
and reimbursable funding sources. Work began under RDTE in 1980-1983 and cuntinued as reimbursable
projects during 1984-1988. The technical monitor for the RDTE part was Dr. Larry Schindler, CEMP-EC,
and for the reimbursable parts was Ms. Val Corbridge, DAEN-ZCP-B.

The work was performed by the Facility Systems Division (FS), U.S. Amy Construction
Engineering Research Laboratory (USACERL). The Principal Investigators were Dr. Edgar Neely and
Mr. Robert Neathammer. Assistance was provided by Mr. James Stim. Dr. Michael J. O’Connor is Chief
of FS.

COL Evereit R. Thomas is Commander and Director of USACERL, and Dr. L.R. Shaffer is
Technical Director.
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MAINTENANCE RESOURCE PREDICTION
IN THE FACILITY LIFE-CYCLE PROCESS

1 INTRODUCTION

Background

In the Military Constiuction, Army (MCA) process, a onc-page DD Form 1391 is submitted about
5 years before a facility is needed. At this ime, an economic aialysis (EA) is performed 1o compare
alicrnative ways of meeung the rcquirement. Later, as the complete DD Form 1391 is prepared, the EA
is updated--a process that continues until the facility is funded. The EA comnparcs total life-cycle cost of
the MCA altemnative with others such as renovation of existing facilities or leasing. Thesc analyses cnsure
that the most cost-effective option is chosen, and are mandated for MCA.!

Life-cycle cost analyses requirc three categories of costs: initial, operating, and maintenance. Initial
costs are usually projecied through existing cost estimating programs such as thc Computer-Assiste * Cost
Estimating System (CACES) and standard publications such as Means and Dodge. Opcrating costs can
be cstimated by using energy consumption models such as the Building Loads Analysis and System
Thermodynamics (BLAST) program or the Trane Company's Trace program. However, there is no
accurate mecthod of estimating maintcnance costs.

‘The main difficulty in projecting maintenance costs is that no comprehensive data base of mainte-
narce resources ion faciliiies exisis--ciilicr within the Aimy or the private scctor. Somc historical data is
available from the Building Owners’ and Managers’ Association rcports and other sources. However, the
lile information available is subject to the uncertainties of what standards of maintenance were used to
maintain the facilities for which the data was collected. Within the Ammy, the Integrated Facilities System
(IFS) contains some historical information, but does not have the ability to retain costs by types of
components in a building. Morcover, IFS users have not always entered all data and kept it current.

Reliance on this type of information usually results in an inaccurate EA.

Related to the lack of maintenance data is the problem of estimating future maintenance and repair
(M&R) costs for existing facilitics. One way these costs have been predicted is to usc the previous years'
expenditurcs multiplied by factors to account for inflation and deicricration duc to work not accomplished
(backlog of maintenance and repair--BMAR). The fallacy in this method is that what was spent in the
past was the funding received, not the funding required to maintain the facilities properly.

Recogmzing these deficiencics, the U.S. Army Corps of Engincers (JSACE) asked the U.S. Army
Consiruction Engineering Research Laboratory (USACERL) to develop a maintenance and repair (M&R)
cost data base. This data base would be used by USACE designers in performing life-cycle cost analyscs
for the design of new facilities. Further, to ensure that enough M&R funds arc programined for future
nceds, USACERL was asked to develop prediction models for outycar maiuten~nce requiremenis of the
Army facility inventory. These tools were originally expected to suppert tne installations as they assume
the planning function from higher chains of command.

' Military Handbook (MIL-HDBY.) 1190, Facility Planning and Design Guide (Department of Defense, September 1, 1987); Ammy
Regulation (AR) 11-18, The Cost and Fcorwmic Analysis Program (Headquarers, Department of the Army, 7 May 1990); AR
415-15, Military Construction Army (MCA) Program Development (Headquarters, Department of the Army. December 1, 1983).
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Objective

The twolold objective cf this rescarch was 1o develop (1) a comprehensive data basc containing
M&R cost data for Ariny Facilitics and (2) prediction models for outycar maintenance rcquirements.

Approach

A sicering committee composed of representatives from all Army offices involved in maintenance
resource programming and planning guided, reviewed, and approved all work on the project. The study
objectives were achicved as follows:

1. Future maintcnance planning and programming functions were determined by working directly
with the Department of the Aniny (DA) offices that establish the related policies.

2. The current sct of definitions was reviewed by the steering committee and Headquarters, Depart-
ment of the Army (HQDA).  Scveral meetings were conducted with USACERL to try and recach a
consensus on onc sct of standard definitions. (A stendard sct of definitions between Family Housing and
the facilities engincers has not yet been achieved.)

3. Efforts were made to identiify work by other organizations in this area (c.g., literature survey and
ficld trips to Federal agencics).

4. Using the above information, several prediction models were developed and presented to the
steering committee for review. The models sclected by the committee are described in Chapter 4.

5. A series of prototype data bases was developed, reviewed, ficld-tested, and venfied as described
in Chapicr 3.

6. To automatc the data bases, ithe computer systems described in Chapter 5 were ficld-tested at
the Headquarters, Major Command (MACOM), and installation levels.

7. Alogical plan to implement the systems was initiated and is still under development between
Headquarters, USACE, the U.S. Army Engincering and Housing Support Center (USAEHSC), and
USACERL.

Appendix A describes the study concept and plan in detail.

Scope

This report describes the research and development (R&D) for the maintenance cost data base and
the outyear prediction models. The data base contents, cormputar system descriptions, and user manuals
are published as separatc USACERL reports (sce Chapter 2 for a list).

Mode of Technology Transfer

Present worth tables summarizing the M&R data bases for use by facility designers will be issued
as a supplement to Technical Manual 5-802-1, Economic Studies for Military Construction--Applications.
The automated prediction models for use in programming outycar requircments will be provided to
HQDA, MACOMs, and installations through USAEHSC as an optional Army cemputer system.
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2 RESEARCH PROGRESS AND REPORTS PUBLISHED

Research Progress

The research was conducted over 7 years. Most of the tasks were performed in parallel with reviews
by an Amny-wide stcening commitice at major milestone points.  Ycarly presentations on the rescarch
progress were made at the annual Worldwide Real Property Management System (REMS) conferences.

HQDA formcd an Ammy-wide maintenance steering committee (users’ group) 10 guide the research.
This committee was composed of one voting representative from every Army oflice involved in planning
and programming of maintenance resources. The four largest MACOMs were asked to participate in the
steering commitiee; three of these became actively involved in the rescarch. Ten installations also served
on the steering committee: six in the United States--Forts Devens, Bragy, Wood, Sill, Harnson, and Ord,
and four in Gennany--Baumholder, Wucerzburg, Pirmasens, and Grafenwohr.  The Ammy Reserve and
National Guard also had voting membcers on the committec. The steening commitiee was open o all DOPR
clements. Official liaison members from the Air Force and Navy also participated in the steering comi-
mitlee mectings.

A standard bricfing procedure was cstablished. The HQDA staff was briefed the day before the
sleering commitice meeting. The Assistant Chief of Engincers (ACE) was brefed after slecring committce
mcctings when major decisions were made.

The first task was 1o determine one sct of standard definitions for use by all Ammy clements, A list
of all current uefipitions was compiled and reviewed by both the rescarch team and the stccrng conmmitice
member organizations independently.  Many current definitions overlapped, and scveral required
knowledge of the organization that performed the work before they couald be applicd.

The sceond task was to determing the state of the art in planning and programming mainicnance in
the Army, (he private scctor, and other Government agencics. Major Federal agencics were contacted and
visited. Most agencics were not performing maintenance resource plans and program functions beyond
the budget year. City and state governments were contacted as well as colleges and universities. Stanford
Universily was the only organization tound that had a long-range planning program. Scveral large
conpanics and management organizations also were contacted, but none had any long-range maintcnance
planning programs.

The review of the current programming and planning activitics within the Army showed that the
installations had rclatively littie functional work in this arca. All functional work was periormed by the
MACOMs and HQDA. Aninitiative to move the planning and prog: mming function down to the instal-
lation level was underway within HQDA. Tt was expected to take at least 3 years for tull implementation
at the installations. The purpose of performing planning and programming at the installation level is 1o
obtain a more accurate picture of Army needs based on the actual facilities maintained. The installations
need tools 1o help them perform these activities. Therefore, part of this rescarch effort was to identify the
tools needed, develop compater programs 10 support the function, and test the prototype programs al
several installations.

The first meeting of the entire steering commitiee was held after tasks 1 and 2 were completed. The
steering commitice charter and rescarch proposal were reviewed and accepted. The results of the state-of-
the-art survey were presented to the committee. The current and proposed definitions were presented and
discusscd.  All participants could agree on using Webster's definition of maintcnance, but beyond this
point, there was very little agreement. Most participants could see that the terms were overlapping and
in some cases cyclic in nmature. However, it was agreed not to pursue standard definitions further.




The third task was to visit the 10 test installations to discuss hew planning and programming
functions could be performed at the installation levels. Since the installations were noi currently involved
in these activitics, the discussions proved very interesiing.  All installation personnel stated that the
installation was undcrfunded to do the work that should be performed and that the budget figures have
very little 1o do with acrual facility maintenance nceds. Most installations scemed reluctant to consider
performing this new function, c¢iting personnel shortages and a lack of knowledge about their facilitics as
the two major problems. The installations were willing to work with the rescarchers to develop and test
ncw functions on a limited basis.

The fourth task was to discuss the future of maintenance planning and programming functions with
the HQDA staff. There was a general consensus that the functional arca was not receiving adequatce
attention from the Army and that the functions should be extended to the installations in the ncar future,
The timeframe for cxtending the function to ihe installations was unknown.

The fifth task was ¢ develop a set of altemative maintenance resource prediction models and to
discuss the pros and cons of cach modcl. The results of this effort arc given in Appendix B.

The steering committee met again 0 review current planning and programming functions and six
alicrnative models. The commitice voted to use the historical funding model as an interim solution until
a modecl based on facility components couid be produced. The fixed percentage of curreni replacement
cost model was also 10 be pursued. A fast program based on the results of the component model was
ncedea at HQDA.

The sixth task was to develop several data bases that couid be applied within the prediction models.

The seventh task was to develop several sets of maintenance resource prediction models. The
models would span the range of possible data input from the simplest, with very little input, to the most
complex with a large amount of detail. One purpose of the large number of model scts was to explore
the cffect of the input data complexity on the accuracy of the results. The complete set of models
developed are described in Chapter 4. The computer systems are discussed in Chapter S.

A third stecring committee mecting was held at this point to sclect the facility caicgory codes to be
modcled for the first test of the prototype Maintenance Resource Prediction Model (MRPM). The decision
was made to address buildings initially as buildings account for over 60 percent of the maintenance
expenditures annually. Family housing and unaccompanied personnel housing were selected since the two
combined categorics account for 26 percent of yearly maintenance expenditurgs. These two current use
categorics were to be modeled completely by USACERL and the results reviewed by the steering
committee.

The eighth task 'vas to test the models at all organizational levels within the Army and to revise the
data base and process based on the results. Tests were performed using four different complementary
methods. The first test consisted of sampling family housing and barracks at cach of the 10 test sites.
USACERL collected and entered all facility component and cost data for the models, ran the models, and
presented the results to cach installation.

The stecring commitice met again to review the results of the family Lousing and unaccompanicd
personnel housing test results. The steering committee believed that it could not make a final decision
bascd on such a small and limitcd test scope. The gencral conscnsus was 1o continue the rescarch by
sampling other current use building facility category codes at the six U.S. test installations. The steering
commiitee voted tc. provide cach est installation with a personal computer (PC) to perform a hands-on
test. This was the sccond level of testirg.




A mceting of MPRM users (Forts Bragg, Leconard Wood, Devens, and Ord) was held to discuss
progress and determine if the installations could make a decision about implementing the systcm. It was
agreed that the MRPM should be implemented fully, covering all facilitics at installations, before a
rccommendation could be made on ficlding the model. Funding was reccived to fully implement the
MRPM at Forts Bragg, I.conard Wood, Devens, and Ord.

The third test was to completely model four installations in the United States (Forts Bragg, Leonard
Wood, Ord, and Devens) and Wuerzburg in Germany.  Test results were 10 be used in planning the
expansion and future implementation of the system. Concurrent with this iest, a fourth scries of tests was
performed by other orgamizations involved in the planning and programming functions. The MRPM
rescarch was used by two Government contractors performing work on historic family houscs. The
rescarch was also uscd by contractors involved in the long-range stationing study (LRSS) and a total Army
Rcal Property Planning systcm (RPLANS).

The ninth task in this projcct was to perform an 80-ycar or 120-ycar analysis on cach of the fucilitics
modcled. The purpose of this analysis was to develop a summary prediction model based solely on the
facility's age, floor arca, and current use. This research is described in Chapter 3.

The tenth and fing step in the basic rescarch program was for the sicering commiittee to cvaluate
all tests and make a recommendation on the direction the Army should move in planning and
programming functiors and suppornt. The resuits of wis step are described in Chapter 5.

Products and Reports Published

This 15 onc of scvcrai reports addressing maintenance resource prediction in the faciliy diifc-cycle
process. This report presents the scope of the total rescarch cffort.  Figure 1 shows the wlationships
between the products ané repoits developed during this rescarch project.

The first rescarch product is a data base containing the labor, material and equipment resources
required to perform maintenance tasks related to every building construction component (Figure 1, Task
Resource Data Base). This data base includes labor hour, Washington, DC material costs, and equipment
hour rescurce information. The frequency of task occurrence is also given. This information is published
as a scrics of four Special Reports by cngincering system: (1) architectural, (2) heating, ventilating, and
air-conditioning (HVACQ), (3) plumbing, and (4) electrical.? The title for the senes is “Maintenance Task
Data Base for Buildings.” Figure 2 shows an cxample from this data base. This data is also available in
clectronic form. The data base is used within the MRPM Individual Facility Component System which
opcrates on a PC witih the 1BM Disk Operating System (DOS). This program allows a facility to be
dcfined by entering the components and component quantitics that comprise the facility. The tasks are
used to determine the resources required annually to keep the facility maintained. Engincered Performance
Standards (EPS) were used to gencraie task data. A typical EPS task is shown in Table 1.

*E.S. Necly ct al., Maintenance Task Data Base for Buildings: Architectural Sysiems, Special Report P-91723 (U.S. Army Con-

struction Engincering Rescarch Laboratory [USACERLY), May 1991); E.S. Neely et al., Maintenance T'ask Data Base for Buila-
ings: Heating, Ventilation, and Air-Conditioning Systems, Special Report P-91/21 (USACERL, May 1991); E.S. Nccly ct al,,
Maintenance Task Data Base for Buildings: Plumbing Systems, Special Report P-91/18 (USACERL, May 19:'1): E.S. Neely
ct al., Maintenance Task Data Base for Buildings: Electrical Sysiems, Special Report P-81/25 (USACERL, May 1991).
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Figure 1. Maintenance reports for buildings.
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Table 1

Typical EPS Task Format*

No. Work Unit Description Hours
i Remove and Install Screw 0.32040
2 Remove and Install Panel 0.29280
3 Lube Bearings, i“an, Motor, Pump 0.07260
4 Adjust Belt Tension 0.10200
S Adjust Float 0.04000
6 Sensory Inspect Bearings 0.25260
7 Fill Qut Inspector Report 0.01375

Total 1.09415

*Task: recurring maintenance--evagorative condenser or metal cooling tower (25-ton and over air-conditioning system).

The second research product is a component resource summary using the task data developed in the
first product. The component resource summary covers the first 25 years of a facility’s life. The tasks
for the component were scheduled and combined into one set of annual resource requirements. This
annual resource information is published as a series of four Special Reports® titled “Buiiding Component
Maintenance and Repair Data Base.” An example from this data base is shown in Table 2. The data base
is also available in electronic form. This data can be used to perform special economic analyses such as
one for a 20-year life using a 10 percent discount rate.

The third research product is a set of 25-year present worth factor tables. The component data
developed in the second product was used to form a set of 25-year present worth factor tables for use by
designers in component selection for discount rates of 7 and 10 percent. The annual component resource
values were multpiied by the appropriaic present worth factor and added for the 25 years o produce one

> E.S. Necly et al., Building Component Maintenance and Repuir Data Base: Architectural Sysieras, Special Report P-91/27
USACERL., May 1991; E.S. Neely et al., Building Component Maintenance and Repair Date Base: Heating, Ventilation, and
Air-Conditioning Systems, Special Report P-91/22 (UISACERL, May 1991); E.S. Neely et al., Building Component Maintenance
and Repair Data Base for Buildings: Plumbing Systems, Special Report P-91/30 (USACERL, May 1991); E.S. Neely ct al.,
Building Componens Maintenance and Repair Data Base: Electrical Systems, Special Report P-91/19 (USACERL, May 1991).
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set of resource values. This information is published as a series of four reports’® titled "Building
Maintenance and Repair Data for Life-Cycle Cost Anaiyses.” Table 3 shows an example from this data
base. The data base is also available in electronic form.

The first three resource columns provide data to allow the designer to calculate the life-cycle costs
at any location by multiplying by the correct labor rate, equipment rate, and material geographic location
factor. This muitiplication and addition have been performed for the Military District of Washington, DC,
and are given in the fourth column of the table. The right section of the table is information that can be
entered into computer systems that perform life-cycle cost analysis.

The fourth research product is a task resource maintenance COmputer program. This program is
written in DBASE I11. This program maintains the task data base and produces task, component, and life-
cycle cost tables. User's and programmer’s manuals are published as USACERL ADP Reports.

The fifth research product is the MRPM Individual Facility computer system. This system operates
on a DOS PC system that allows facilities to be modeled by entering their components. Resource
predictions are produced by applying the individual tasks and then forming resource summarics by
subsystems, systems, facilities, installations, reporting installations, MACOM, and Ammy. User's and
programmer’s manuals are putlished as USACERL ADP Reports’.

The sixth research product is the MRPM Facility Summary computer system. Two summary
systems have been implemented. One summary system is a module of HQ-IFS. The second is a DOS
PC based system. Both are macro-level computer systems developed for installations, HQDA, and the
MA.COMs. The macro-level system uses the most basic data contained in the current facility real property
inventory files: (1) current facility use, (2) floor area, and (3) construction date. User’s and programmer’s
manuals for the systems are published as a USACERL ADP Reports.®

The seventh research product is an analysis of the resources 10 maintain buildings by current use.
This is summary data of the individual facility information obtained by use of the component model at
several instailations. The results of this research are published in tvo USACERL Special Reports’.

* R.D. Neathammer et al., Building Maintenance and Repair Data for Life-Cycie Cosi Analyses: Architectiral Systems, Special
Report P-91/17 (USACERL. May 1991); E S. Neely et al., Building Maintenance and Repair Daua for Life-Cycle Cost Analyses:
Heating, Ventilation, and Air-Conditioning Systems, Special Report P-41/20 (USACERL, May 1991); E.S. Neely et al., Building
Maintenance and Repair Data jor Life-Cycle Cost Analyses: Flumbing Systems, Special Report P-91/24 (USACERL, May
1991); E.S. Neely et al., Building Maintenance and Repair Data for Life-Cycle Cost Analyses: Electrical Systems, Special
Report P-91/26 (USACERL, May 1991).

$ E.S. Neely et ai., Maintenance Resource Prediction Model (MRPM) Individual Facilisy System User's Manual, ADP Repont
P-91/12 (USACERL, January 1991); E.S. Neely et al., Maintenance Resource Prediction Model (MRPM) Individual Facility
Sysiem Programmer’s Manual, Special Report P-91/28 (USACERL, March 1961).

¢ E.S. Neely et al., Mainienance Resource Prediction Model Sinmary Systerm (MRPMSS) User's Manual, ADP Report P-91/03
(USACERL, October 1990); E.S. Neely et al., Maintenance Resource Prediction Model Summary System (MRPMSS)
Programmer's Manual, Draft USACERL Report; E.S. Neely et al.. HQ-IFS Mainienance Resource Prediction Model (MRPM)

User's Manual, ADP Report P-91/04 (USACERL, October 1990); E.S. Neely et 2l., HQ-IFS Maintenance Resource Prediction
Model (MRPM) Sys:iem Manual, ADP Report P-91/02 (USACERL, October 1990).
! E.S. Neely et al., Maintenance Resources by Building Use for U S. Army Installations, Special Report P.91/29 (USACERL May
1991).
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3 DATA BASE DEVELOPMENT

Average of Actual Expenditures

HQDA requires each instailation to submit a Technical Data Report annually. This report
summarizcs <ost expenditure data into approximately 70 functional use catcgory codes in the Army
Management System (AMS). It also contains the number of facilities within the installation. For
buildings, the measurement unit is the gross square feet of floor arca.

Data for each year is reviewed for obvious errors and corrected. A cost per unit measure is cal-
culated by summing the yearly costs (adjusted for inflation) for each of the past § years and dividing the
total cost by the total units of measure. This process results in an average cost per unit measure known
as the Recurring Maintenance Factor (RMF).

During the past 8 years, the Army has funded some installations much more money than sual to
reduce their backlog of maintenance projects. There was no attempt o adjust the RMFs to account for
this higher than average funding.

RMFs were calculated for each installation, MACOM, and the total Army. The total Army RMFs
are the only figures published in Army Regulation (AR) 420-10, Facilities Engineering Reports.

Component Tasks

To obtain accurate maintenance costs for a component, a list of tasks to be performed during the
component’s life must be obtained. The labor equipment and material resources and frequency for each
task must be estimated. Research in this area revealed that such a comprehensive data base did not exist.
A commniitee composed of HQDA, installation, and USACE District offices reviewed the current situation
and recommended the development of this data base using the Department of Defense (DOD) EPS
manuals as a starting point.

Over 60 percent of maintenance expenditures arc in building facilities. Therefore, the steering
commitiee decided to begin with building facilities.

The first task was tc divide the building into smaller parts such as systems, subsystems, and
components. The Federal Construction Council and several other national professional societies had
previously adopted a uniform format UNIFORMAT for such divisions. This fonnat was used for this
research to ensure consistency throughout the facility life.

A list of components used in Army construction was developed. This iist was reviewed for
compieteness and adopted as the first draft.

For each component, a list of all tasks that had to be performed during the component’s life was
developed.  This task list was reviewed for completeness and adopted as the first draft. A standard
definition of "task” was acceptcd: a task is defined as the work performed on a component by a single
trade. A standard format for printing task rcsources was adopted and is shown in Figure 2. A com-
prehensive description of the task development process and the complete task data basc have been
published in the USACERL Special Report series "Maintenance Task Data Base for Buildings.”
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The next step involved the most work. Labor hours, equipment hours, Crew size, material quantity
and costs and performance frequencics had to be determined.

Labor Hours

As noted earlier, DOD had previously adopted the EPS for determining labor hours to perform
maintenance tasks. These standards were originally developed by the U.S. Navy and are published as
Army Technical Bulletins (TB) in the 420 series. EPS arc based on ¢ither methods-time-measurement
studies or work sampling studies. Using these techniques, times for performing work clements were
estimated and combined to provide task times. An example from TB 420-8, Heating, Cooling, and
Ventilating Handbook, for a task and its work elements is shown in Table 1 (Chapter 2).

The total time of 1.09415 hr represents the dirct or actual time required to do the work once the
worker is onsite. An additional four factors must be considered in estimating the total time for the job:
(1) travel time (to go to the job site and rewm), (2) craft ailowance (personal time, planning, balancing,
unavoidable delay), (3) job preparation (shop and job site), and (4) material handling allowance.

Travel times are directly related to a facility’s iocaticn and are not included in the task data base.
(The actual travel time factor must be included to obtain a complete resource profile for a specific
facility.) The last three factors are normally specified as a percentage of the work day or work time. The
three were combined into one figure for each application. For steamfitters, this figure is 40 percent. For
all other trades, it is 30 percent.

Equipment Hours

"Equipment"” refers to the normal maintenance truck used by the maintenance crew. For most tasks,
the crew size is one person. For large replacement (and roofing) tasks, there may be two or more people
on the crew. The number of equipment hours is obtained by dividing the labor hours by the number of
people in the crew.

Materiai Costs

To minimize the initial input data, it was decided to record the unit costs as the basis--not each
individual matenal type with its appropriate quantity. This means that the material costs arc for a specific
year at a specific location. Since: Federal agencies have adopted the Washington, DC area as the base
location for costs, it was used for this data base. The costs in this data base are for the Washington, DC
area in July 1985 (from CACES). References such as Means and Dodge were also used for pricing.
Army location adjustment factors published in AR 415-17® were appiied 10 adjust material costs to the
actual geographic location.

Frequencies
Three frequencies of occurrence are given for each task. The first is the earliest expected time

period that the task would be perfermed. The second is the average time when the task would occur. The
third is the latest expected time the task would be performed.

¥ AR 415-17,Cost Estimating for Military Programming (Headquarters, Department of the Army, February 15, 1980).
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All task information was developed using published data when available. When published daia was
not available, the developers’ cxpericnce was applied.  All task data was reviewed and approved by
craftsmen at the 10 test installations.

Component Summary

Manual application of the task data base is very laber-intensive and impractical. An annual resource
summary has teen produced containing total annual labor, material, and equipment resources for the first
25 years of compounent life. This data base can be applied io life-cycle costing studies more easily than
the task data base. A typical component summary is shown in Table 2. A comprehensive description of
the component summary development process and the complete data base have been published in the
USACERL Special Report series titled "Building Component Maintenarice and Repair Data Base.”

Life-Cycle Costs

Maintenance costs are required to perform life-cycle cost (LCC) analyses ir: the design process. The
present worth factors applicd most often in Army LCC analyses are 7 and 10 percent. The component
summary tables were adjusted ty the 7 and 10 percent mid-year present worth factors to produce two sets
of simpler tables. The Washington, DC labor and equipment rates were used to p.aduce a total cost per
unit measure for that arca. Table 3 is a typical LCC analysis form. A comprehensive description of the
LCC analysis development process and the data base have been published in the USACERL Special
Keport series titled "Building Maintenance and Repair Data for Life-Cycle Cost Analysis.”

Current Use Summary by Annual Resources

The task data base was applied to each of the modeled facilities at the test installations to produce
a resource rcquirement for facility ages 1 through 80 or 120. The annual resources for all modeled
facilities with the same Army Facility Classes and Construction Category Codes (F4C) were averaged and
normalized to form the average annual resource requirement by facility age for each F4C categorv, A
typical set of data is shown in Table 4.

This data can be used given the following data clements: (1) geographic location adjustment factor,
(2) current use F4C, (3) year built, (4) square feet of floor arca, and (5) local labor and equipment cost
per hour. A comprehensive description of the development process and data base is published in the
USACERL Special Report .tled "Maintenance Resources by Building Use for U.S. Amy Installations."

Current Use Sumrmary by Cost per Unit

Predicted costs to maintain each mogdeled facility were calculated using the task data base and actual
installation cost figures. Cosis were summarized into two groups: (1) replacement and high-cost tasks;
and (2) all other nonreplacement and high-cost tasks, which will be called the annual recurring
maintenance costs. These two groups of costs were averaged by individual current use code and then
normalized by dividing the costs by the unit of measure. The unit costs for each installation were
normalized to the Washington, DC arca by applying the location adjustment factor. The DC unit costs
for each installation were averaged to form an average unit cost at Washington, DC by facility age and
F4C. The only data elements necded to use this data base are: (1) geographic location adjustment factor,
(2) current use F4C, (3) year built, and (4) square feet.
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One example is shown in Figure 3. A comprehensive description of the development process and
data base is published in the USACERL Special Report titled "Maini.nance Rescurces by Building Use
for U.S. Amy Installations.”

UNIT COST BY AGE T0T0L
TABLE 1D ¢ F )

Major and Replacement Task Cost
ARM Annual Recurring Maintenance Cost
TOTAL Sum of MRT and ARM

Figure 3. Typical current use summary.




4 P\ DICTION MODELS AVAILABLE

Five types of prediction models arc available. Four modcls were computerized under this research
program and ongc is for manual application or use within other computer systems. Each model is described
below.

Average of Actual Expenditures

The Army maintains historic unit cost expenditure data by generalized facility use categories. For
example, hospital M&R expenditures are recorded in dollars per square foot of floor arca. The past S
years' data has been adjusted for inflation 1o the current year as a base and then averaged. Army average
data is publishcd by current facility use for planning and programming applications. This data is available
for every installation, MACOM, and the total Army, and was computcrized under this rescarch program
for application at all management lcvels. Use of this model produces one average annual total cost figure.

The model uses two facility data items, both of which are currendy available in IFS: (1) current
facility usc and (2) unit of measure. The current facility use is appliced to identify the correct unit cost
per unit of measure such as square fect of floor arca. The unit cost is multipiied by the facility’s unit of
mcasure to obtain a total cost.

The model can be applied to both individual facility and organizational sutnmary data. Summary
data can be formed by combining all facilities of one type (hospitals) built in the same year (1962) at any
organizational level such as HQDA, MACOM, or installation. The floor areas of all such facilities are
added together to represent one facility group.

Resources by Facility Age

Three basic data items are available in IFS for every facility in the Army inventory: (1) the current
use of the facility. (2) the year of construction, and (3) a unit of measure, sucn as floor area for buildings.
This prediction modcl uses the three basic data items coupled with unit cost by age data indexed by
facility current use. The unit cost by age data was devcloped from a dctailed analysis of the tasks that
should be performed 1o keep facilitics at scveral test installations in a standard operating condition. The
resource data inciudes unit costs, labor hours, equipment hours, and material costs in Washington, DC
dollars. The four data items are storcd by facility age. As an example, for hospitals, the unit cost, labor
hours, equipment hours, and material cost for a hospital facility at 24, 44, and 65 years old is shown in
Tabie 4.

The computer can calculate resource predictions in one of two ways:

1. The current age of the facility is obtained by subtracting the year constructed from the prediction
year. This facility age, coupled with the current use, is applied to locate the correct unit cost by age. The
unit cost is multiplied by the square footage to produce a total cost in DC dollars. This cost is adjusted
to the local economy by multiplying it by the location factor.

2. Thke model uses an installation’s labor and equipment rates expressed in dollars per work hour.
The Army publishes a cost adjustment factor to transfer the Washington, DC material costs to the actual
installation. The computer system transforms age resources to calendar ycar resources by subiracting the




calendar year from the construciion year. The following resource information for cach calendar year in
the reporting period is calcuiated: (1) labor hours, (2) equipment hours, (3) 1abor costs, (4) material costs,
(5) cquipment costs, and (6) total costs.

Resource requirements are different for cach year, depending on the actual work that should be
performed. Yearly requircments may fluctuate greatly from ycar to ycar for an actual facility.

This model can be applicd to both incdividual facility data and organizational summary data.
Summary data can be formed by combining all facilities of onc type (e.g., hospitals) built in the same year
(c.g.. 1962). The floor arcas of all such facilitics are added together to represent one facility group.

Facility Component Description

A facility can be described in more detail than the three basic data elements. Three examples will
be given to demonstrate the possibilities.

1, Describe all components in a facility and calculate all tasks: the user describes a facility in any
level of detail by listing construction components (c.g., maple plank floors, shingle roof). The more
components defined, the more accurate the facility description. For every construction component there
is a list of tasks that must be performed during its life. Each task has associated labor, material,
cquipment, frequency, and trade information. The computcr calculates resources for every task, then sums
all tasks into a component summary. Component summarics are combined into subsystem (floors) totals;
subsystem totals into system (interior finishes) totals, and finally, system totals into total facility (building)
Tesources.

2. Describe all components and calculate major cost tasks: cach task is classified as cither a major
cost task or a minor cost task. Major cost tasks are defined as all replacement tasks and other tasks that
cost more than half of the total replacement task cost.  All minor tasks have been combined into one
summary rccord. The computer calculates cach individual major cost task and uscs the summary record
instead of the individual minor cost tasks.

3. Describe components in high-cost systems only, and us¢ summary daa for other low-cost
systems: the program coniains a systcm rcsource summary based on the detailed individual facility
research described previously. All architectural finishes such as floor, ceiling, and wall components can
be defined. Defaults to summary data for electrical, plumbing, and mechanical systems can be used. The
computer system calculates the tasks for the components and uscs a system summary record (labor,
equipment, and maicrial) for the electrical, plumbing, and mechanical systems.

This option allows a facility to be defined in any way and with any level of detail. Average data
15 used to cover syztems not defined by components.

Faciiity Age

This model uses the facility component description to perform calculations by the facility age for
any age from 1 year to a maximum of 120 years. This model is used to determine the Army average
resources for use within the calendar year models described above. This modcl was used to produce the
Army average unit costs and resources applied in the two methods described above and in the tables
descnbed below.




Life-Cycle Cost Models

This model is used during design to assist in the sclection of least-cost components over the facility
life.

Onc present worth table is published for cach trade or discipline for both a 7 percent and 10 percent
present worth factor. An example is shown in Table 3. The designer reviews this table before sclecting
componenis in a design.

Normally, the installations's actual labor, material, and cquipment resource rates are multiplied by
the resources in the table. For gross comparisons or when no installation labor/equipment cost rates are
available, the application which is fastest and the least amount of work is for the designer to use the
25-year present worth unit cost for the Military District of Washington, DC. By quickly reviewing this
column, the designer can make a fairly accurate selection.

These tables also provide resource information for input to other life-cycle costing computer
programs that perform present worth factoring.  An equivalent uniform resource requircment is given to
cover all minor cost tasks. All major cost tasks are listed individually with the avcrage frequency of
occurrence. This data can be used in a computer program such as USACERL's Life-Cycle Cost in Design
(LCCID) Program.




§ COMPUTER SYSTEM DEVELOPMENT

Large amounts of labor resources are required 1o use the data manually.  Since labor resources
within thc Ammy arc always decrcasing, “he need for automation was clear.  Sclection of the type of
computer system to be used required carcful consideration. Three computer systems were Jeveloped: (1)
worldwide mainframe system, (2) an organizational system, and (3) an installation rescarch system.

Worldwide Mainframe Computer System

HQUSACE has a mainframe system known as the Headquarters Integrated Facilitics System
(HQ-IFS). The average actual expenditure and yearly average prediction models were required to be
implemented as a module of the existing HQ-IFS. This system uses the NOMAD I relational data base
programming language and is available on a worldwidc timesharing network.

This system has some disadvantages when usced at a level other than HQ or IMACOM. For example,
communication costs between the user and the computer arc expensive.  Also, telephone lings within
installations are not always modern and cannot always effcctively support clectionic communication. This
system was therefore rejected for installations.

Organizational Summary System

This system operates under a DOS environment using a PC with at Icast a 10 MB internal disk.
The systcm is designed to usc summary data by facility use and age to calculate resources based on only
three data itemge available in IES: (1) current vse, (?) consiruction date. and (3) floor arca. The system
can be used by HQDA, MACOM, and installations.

Installation Research System

PCs have several advantages over mainframe computers. For example, the PC owner has complete
coatrol over the computer.  Also, there are no communication charges and the PC is always available.

The major challenge for this project was to develop a fast, interactive DOS cnvironment PC system
that could calcuvlate maintcnance requirements for a facility based on its actual componcats and their
quantitics. DOS was sclected since more than 90 percent of all PCs, including the Zenith serics, operate
with this system. The basic machine sclected for system development was an IBM-AT. Since the sysiem
requirca a large number of mathematical computations, a mathematics coprocessor chip was added (o the
basic configuration for a 30 percent increasc in productivity. A 25 percent increasc in speed was obtained
by adding thc maximum allowed random access memory (RAM) and performing all calculations in RAM,
In addition, because disk access through DOS was slow, commercial software packages such as the
Software Masters FLASH system were installed to allow DOS tables normally located on disk drives 1o
be stored and accessed in RAM. This change increased specd by another 25 percent.

Programs were writien using the Microsoft FORTRAN and CHART programs and the SoftCraft
BTRIEVE rccord management system. Special programs were developed to aliow optional initial data
cntry using LOTUS 1-2-3 and SYMPHONY. Total program space is approximately 12 MB,

Data storage was the next problem to overcome. Using the facility component description method
modcl, cach facility rcquires more than 120,000 bytes of disk storage. Most installations have between
4000 and 10,000 individual facilities.
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The Jargest availabie disks were added to the system. Two to four 620 MB disk drives are curmrently
installed.

Life-Cycle Cost System

A set of DBase 111 programs was developed to produce the present worth tables for usc by designers
in selecting the most economical component over the facility life. The system operates under a DOS
environment on a PC. It can produce tables covering any time period for any discount factor.




6 FIELD TEST RESULTS

Over this 8-ycar R&D effort, several military and civilian organizations have tested the products as
described in Chapters 1 and 2. The results are presented below.

Data Bases
Component Task

The task data base described in Chapter 3 has proven to be an invaluable product. Private firms,
including MMM, Inc. and Marinni and Associates, have used the data to produce facilily resource
requirements. Several DA contractors have used the data base on projects such as the LRSS, RPLANS,
and historical family housing studies. Forts Bragg and Leonard Wood have verified that this task data
base produces accurate resource predictions for developing both short- and long-range plans. The data
base covers all buiiding construction components.

The Army will need to review and update this data base periodically to keep ii current with
changing technology, construction materiais, and workmanship. The updates should he published for vse
by other organizations.

Life-Cycle Cost

This sci of iables, described in Chapter 3, allows designers performing both new construction and
alteration project designs to select the least costly component. Architectural/engineering firms can use this
information as a reference in preparing LCC estimates.

The Army will also need te review and update the tables periodically to account for new technology
and materials. Revised tables should be published for application throughout tic Govermment and in the
private sector. The American Society for Testing and Materials (ASTM) plans to publish this data as an
ASTM standard.

Average Actual Expenditures

At present, this is the Armmy’s best source for historical data such as average unit cost factors.
Howcver, managers at ail test installations in the program stated that the data is incomplete for planning
purposcs, as some actual expense data may be missing froin the reports. The data represents what was
spent from one funding account and not what should have been spent to maintain the facility. Thercfore,
this data represents the lower range of forecasting requircments.

The Amy should continue to update this information yearly. Methods to ensure completcness of
aciual expenditures reporting need 10 be developed. Procedures to account for resources that should have
been expended but were not available should also be developed to provide an accurate planning tool for
future requirements.




Models
Average of Actual Expenditures

All test installations in the program agreed that this model is not useful due to two shortcomings
in the data currently available: (1) data reflects only funds actually expended, not funds that were or
should have been programmed and (2) actual recorded expenditures may be incompilete or recorded against
the wrong facility. '

The installations stated that this model should be used with caution to estimate the lower bound on
possible resource requirements. Comparison of installation data with MACOM- and Amy-level averages
showed large fluctuations.

Resources by Facility Age

This model seems to be ideal for macro applications in HQDA and the MACOMs. It allows the
results of detailed modeling for a small set of select facilities to be applied to the compleic Army
inventory by using only limited available data. The model requires few labor resources to obtain a
resource prediction. However, the predictions are not accurawe at an individual facility level. Moderately
accurate results could be obtained at the installation level.
Facility Component Description

The steering committee found that this set of models produces the most accurate resource
predictions, but requires detailed knowledge of the facilities and manpower to keep the knowledge current.
Installations will not readily apply these models for the following reasons:

1. A data base containing facility component data does nct currently exist at the installation.

2. The cost of obtaining any portion of the data is high.

3, Manpower to operate and maintain such systems is not available within most installations.

4. Short- and iong-range planning is not currently a function performed by installations.

An installation that desires to know more about its facilities can do so gradually by collecting the
data in small increments as required 10 perform normal business activities. This method has been used
extensively in research at all test installations. The steering committee has stated that the system should
be maintained to evaluate maintenance costs for all new standard designs under construction by the Army.

Select_ Component Identification. Only high-cost systems with components such as rofs and
exterior/interinr finishes need to be recorded. Once initial data is input, changes are required only when
the componenis are replaced. All other systems can use the Army average data. Ali of the test
installations believe that this is the best approach to obtain a more accurate resource estimate at the
instatlation level. It requires the minimal amount of installation resources cof the models in this set.

All Component Identification--High-Cost Task Calculation. The test installations have stated that
this model will be applied by only a few installations due to the cost of obtaining the initial data base.

All Component Identification--All Task Calculation. Once again, the test installations stated that
this model will be applicd by only a limned number of installations due to the high cost of the initial data
base.
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Facility Age

This model will be useful only to a limited number of research organizations that are exploring
relationships between resources and facility age.

Life-Cycle Costs

This model will be used by the USACE and installatior: designers for new construction component
selection. Designers can also use it to perform renovation/modification designs. Data will be updated by
HQUSACE.
Computer Systems
Worldwide Mainframe Computer System

This computer system is used by the Real Property Management, Army Programm.ing Branch, Office
of the Assistant Chief of Engineers. The system is used to calculate resource requirements at the
MACOM and Army levels for comparison data against the requests of each MACOM. The system should
be maintained as a function within HQ-IFS.

Organizational Summary System

MACOMs use this system to calculate resource requirements when preparing their planning
submissions. The system is available to instaliations. It needs to be maintained to support the users.

Installation Research System

This system is currently used by several installations, research organizations, and Army contractors.
It nceds to be maintained to support the large investrnents of labor and dollars expended by the
installations to improve their management capabilities.
Planning Within the U.S. Government

During this project, both Congress and the Army began to place more emphasis on planning and

programming. Congress’ record on approving a budget before the end of the budget year is a clear
indicator of the new emphasis on planning.

Use Within the Army

HQDA has dccided to make the planning function an installation responsibility. However,
implementation has been an cxiremely slow process interrupted by a major Army rcorganization. At
present, this function is still located at the DA and MACOM levels. Installation involvement is not
foreseen in the near future. Instaliations will not need the planning tools developed under this research
until they receive the planning functions from their MACOMs.




Use Outside the Army

Products of this research are being used by other Govemment agencies, including the Navy,
Depantment of the Interiot, and National Security Agency. The private sector is also using these products,
including Pennsylvania State University, the University of Idaho, and ASTM.




7 CONCLUSIONS AND RECOMMENDATIONS

Tlie products of this research are a comprehensive data base containing M&R cost data for Ammy
facilities, prediction models for outycar maintenance requirements, and computer programs to facilitate
manipulation of this data, Development of these products was coordinated with all affected Army offices
at the Headquarters, MACOM, and installation levels. The data base and models were field tested at 10
installations in the United States and West Germany.

Field iests showed that the data base and prediction models increased the accuracy of life-cycle cost
analyses. Disadvantages identified by the test installations were the high first cost of developing site-
specific data bases to use with the installation computer programs, the continuing cost of keeping these
data bases currerit, and the lack of manpower i0 perform this work.

This 8-year rescarch project has provided HQDA, MACOMs, and installations with the tools needed
to perform the planning and programming function. HQDA views installation involvement as a way to
introducc more accuracy into programming decisions. At present, the planning and programming function
remains primarily at the HQDA and MACOM levels.

The products developed in this study have extended the state of the art in facility maintenance
planning and programming. The systems are being used by HQDA, MACOMs, and some installations.
Technology transfer to the private sector looks promising, with these research products being used by
several universities and professional societies such as ASTM.

it is recommonded that the Army keep the data base and computer sysiems updated as new
information and technology emerge.
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APPENDIX A:

METHODOLOGY AND PREDICTIVE MODELS TO FORECAST MAINTENANCE AND
REPAIR REQUIREMENTS FOR ARMY REAL PROPERTY

The Problem

Army facilities are aging and major subsystems (components) are failing. New construction has
added more facilities but replaced few, and the technological complexity of facilities has expanded because
of new criteria. Resources for maintenance and repair have not kept pace with requirements, and
deterioration of the physical plant is widespread. This is reflected in the backlog of maintenance and
repair of active Army facilities which increased by $2 billion over 10 years before finally being contained
in FY82, it has now begun to grow again.

The Amy did not unconsciously allow facilities to erode unchecked. While there has been
disruption in funding during program execution and a large dependency on miigratory monies at year end,
the basic trouble can be traced to ineffective resource planning. Repeatedly over the last 20 years, the
conclusions and recommendations of RPMA studies and audit reports have expressed the need to improve
methods for planning, programing, budgeting, and executing M&R activities (Table Al). These
recommendations have not been ignored, but have not been fully accomplished largely because of:

¢ Difficulty in developing relationships between facilities characteristics and resource requirements.

Lack of an accepted quantitative method of evaluating and measuring maintenance needs.

Lack of a consistent long-range program which measures results achieved vs. resources allocated.

Inconsistent methods of calculating funding requirements and iack of uniformity in applying
terms and standards.

Lack of life-cycle costing techniques for individual facility categories.
Focus on badget formulation and near-term work management.
* Failure to implement and use resource management plans and information available in IFS.

A way to resolve these factors is to develop a quantitative method and predictive model that
uniformly address the needs of the Ammy's physical plant in a programmatic manner. This appendix
presents a study concept that will lead to adoption of an analytical method of resource planning that is:
(1) oriented to the unique fcatures of faciliies management; (2) susceptible to refinement without
fundamental changes in concept; (3) uniformly adaptable at installations worldwide; and (4) a means of
relating M&R construction to create an integrated real property plan.




Table Al

Synepsis of RPMA Studies, Audit Reports, and RPMS Conferences

10.

11,

. Congress Cannot Rely on the Military Services

Reported Real Property Maintenance and Repair
Backlog Data

Management of Real Property Maintenance and
Repair

DOD’s Real Property Maintenance and Repair
Backlog

Department of the Army Study Grovp on Real
Property Management Activities

Joint Ser\}ice RPMA Programming and Budget
Working Group

Lincoln Study (1968)

Evaluation of RPMA in DOD

DOD Real Property Maintenance Management
Conference 1

DOD Real Property Maintenance Management
Conference 1l

DOD Real Property Maintcnance Management
Conference 111

DOD Real Property Maintenance Management
Conference 1V

GAOQO Rept 81-19
2 February 1981
OSD Case 5555

AAA Rept HQ 82-207
25 January 1982

GAQO Rept 79-314
31 August 1979
OSD Case 5228

DA RPMA Study
March 1978

Jortberg Study
Circa 1975

OCE RPMA Study
December 1968

Raymond Report
May 1963

RPMM Conference 1
23-25 September 1964
(Prep>med March 1981,

RPMM Conference I
16-18 December 1969
(Prepared March 1981)

RPMM Conference ili
2-4 November 1971
(Prepared March 1981)

RPMM Conference IV
29-31 January 1974
(Prepared March 1981)




Alternative Approaches

Mecthods for defining maintenance needs and programs are traditionally one of the three following
types:

Straight Line or Historical Funding - The previous vear's budget base is incremented by a certain
percentage annually to compensate for identified changes such as inflation and personnel trends.

Identification of Necds Based on Physical Survey - A comprehensive facilities inspection is
conducted to identify and guantify all current maintenance deficiencies.

Formula Funding - Annual maintenance requirements are expressed in terms of cost per square foot,
staffing criteria, population, or a certain percentage of physical plant value.

Each of these methods has one or more major deficiencies. Historical funding docs not relate
funding levels to idertified nceds. The base being incremented cannot be analyzed or validated. Activities
which are subjec. w muitivariable influences year to year are 10t well represented. Frequently, this data
is used for lack of anything better when the analyst is removed from the situation. Since it projects the
future according to the past, basic assumptions are that requirements will occur at a constant rate, and that
the past itself is reliable.

Physical surveys provide an accurate assessment of current conditions and immediate needs, but are
very labor-intensive. In addition, they have limited utility for identifying long-term requircments.

Formula funding is quantitatively based and is a systematic way 10 usc simple ratios to project future
needs. Which uniis are comparable, such formulas are easy to apolv and can offer a basis for agreement
between requestor and provider. However, this method is best suited to budget rather than program
development, and is a macro mcthod that cannot address the needs at a specific physical plant. The
validity of one uniform set of ratios for all activities is questionable in view of the variety in age of
fa-ilities, missions supported, construction materials and methods, climate, and other factors. (Recurring
maintenance factors have been calculated for facility accounts and are published in AR 420-16.)

Both historical and formula funding depend on an underlying logic that reduces all differences 1o

a common denominator. When useg blindly, they tena to force uniformity in costs, even when conformity

is neither realistic nor representative of real necds. Also, budget formulas based largely on historical

expenditure patterns will tend to perpetuate whatever inequities existed. Because of the identifiable life

cycle of both facilities and their installed subsystems, the formula approach scems inappropriate. These
cycles are critical in determining the necessary, and varying, funding levels for future years.

Two methods which are less traditional but frequently advocated as plausible approaches to sound
facility resource planning are: (1) life-cycle cost for various categories and components of facilities and
(2) maintenance management systems that apply the elements of identilication, determination of M&R
needs, economic analysis, and prioritization to specific facility classes or subsystems.

This study will evaluate al! approaches to detsmmine which will work best new bascd on existing
data bhases and sysiems, and future directions that will allow the methodology 6 evolve according to tha
best approach o serve the plasining and programming precess at all levels.




The Conceptual Framework

To keep the study aligned with its primary purpose, a framcwork has been established within which
basic data sources. terminology, records, and reports will be critically examined 10 determine their
contribution to, and effectivencss in supporting the RPMA planning, programming, and budgeting process.

Fundamental to this conceptual framework is the premisc that there are prediciable cycles for facility
repair and replacement (i.e., the components or subsystems of a facility such as heating, cooling, flooring,
clectrical, roofing, and structure have identifiable life expectancies and will requirc replacement after
predictable periods). These cycles will continue to repeat themselves, and during the useful life of the
facility there is a maintenance standard thai must be maintained to achieve satisfactory service. The
recurmring maiatenance that must be performed as well as the magnitude of replacement (major repair) that
will occur at a specific time in the future are both important and can be identified separately. The
combination of routine maintenance and replacement costs as specified frequencies will approximate the
annual reinvestment necessary to maintain and repair the physical plant.

The framework to be followed has already been established and the basic building blocks are in
place. The Amny system provides for identification of faciiity types by construction categorics and
subsystems which are divided into components (Table A2). It is cnvisioned that the study will produce
a predictive resource model by proceeding along the following path:

< Identify the featurcs that have an impact on facility and system wearout.

¢ Identify underlying assumptions.

¢ Funther define and quantify the identified featurcs (variables).

Moel the physical plant and simulate future renewal/replacement rcquirements over time.
Develop data to serve as input {0 a mathematical model.

Validate results.

Perform a sensitivity analysis.

Use the results to estimate outycar M&R resource requirements.

The features and underlying assumpiions can be described as:
1. Facility Type. The type of subsystems and associated costs vary with facility type.

2. Facility Subsystems. The quantity and type of installed subsystems (e.g., heating, plumbing)
within a facility will determine future requircments.

3. Subsystem Life Cycle. The predictable life of components will determine the time at which
futwre requirements will occur, and the associated mainteniance can be tailored to the Jife-cycle pattern.
The predictable life cycle may have an interdependency with that of other components.

4. Subsystem Cost. The unit replacement cost can be cstablished based on technology and
construction indices and can be uniformly applicd to determine the cost of future requircments.
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Table A2

Army Facility Types and Subsystems

1. DOD Facility Classes and DOD Instruction 4165
Construction Categories 24 October 1778
CH-1
2. Component Condition Criteria Extract from IFS User
Manual, Vol IV

1 September 1979

S. Date Facility was Constructed. The furure point in time at which requirements will occur can
be traced from the date that the facility was built and relative age (when major repairs were performed)
of components.

1t is considered possible 10 adhere to this framework because exensive research has been conducted
and reports prepared on life-cycle costs and existing data bases (Table A3). This study is intended to act
as a catalyst to examine this body of inform ation and resolve the differe it issues raised so that the project
can proceed with one unified, practical procedure.

The Study

1. Purpose. To design a methodology that includes predictive modsls for accurately forecasting future
expenditures necessary to operate, maintain and repair, and renew the Ammy'’s physical plant.

1. Objectives.

1. Clarify terminology and express terms (i.e., annual recurring requirements, maintenance  sian-
dards, manageable level of backlogs, replacement cost, economic life, age of a facility and deficiency
dollars) in measurable forms that can be applied uniformly in the calculation of resource requirements.

2. Evaluate existing and proposed data bases to determine what and how data elements contribute
10 resource planning and related maintenance management decisions.

3. Determine how the current process can be improved; refine existing formulas as practical based
on available data; design "best method and models” to accurately predict M&R requirements and test for
feasibility.

4. Establish the criteria for estimating M&R costs associated with new construction. Identify O&M
targets by facility subsystem for future MCA design criteria.

5. Ensure that methodology allows for expressing multiyear facility M&R strategies, permits results
to be compared to the program, and analysis to be made of comparable facilites at different installations
and between different MACOMs.




Table A3

Data Bases Other Than IFS
1. Life-Cycle Cost Data Base USACERL TR P-139, A126644
Volume 1, Design January 1983
2. Overview of the "PAVER" USACERL Tech. Manuscript
Pavement Maintenance M-310, A116311, March 1982

Management System

6. Ensure that models represent different types and uses of facilities and can be used by facilities
planners/programmers to estimaie and integrate different funding sources.

7. Design meaningful exhibits and reports t¢ convcey resource planning information among various
management levels from installation to DA.

8. Revise publications (ARs, DA Pams) and issue uniform guidelines to implement process and
steer system development.

©. Prcpare 2 training course to educate ugers,

10. Share the results obtained with other DOD elements.

III. Scope

1. The Real Property Inventory (RPI) is the basic source of information for reports of status, cost,
capacity, condition, use, maintenance, and management of real property overall and for individual
installations. This information resides in the IFS Assets data base. Since it supplies data needed tw
analyze features of the existing plant, the RP! will be thoroughly reviewed and evaluated. In conducting
this review, other data bases, existing or proposed, which are designed to support special areas of facilities
management will be examined. Particular attention will be given to the data basc required for the
Pavemeni Maintenance Management System (PAVER) and the data base recommended for life-cycle
costing.

2. The swudy will focus on creating a predictive model(s) that can be used to accurately portray
requirements by installation, and that allows for successive aggregation at MACOMs and DA. 1t is
envisioned that, while accomplishing this goal, the research will also address some broader issues of
integraiion between construction and M&R. The methodology must be consistent with and supportive of
the concept of a fully integrated real property plan.

3. Methods and tenns used by other Government agencies and sclected private corporations to
formulate resource plans will be surveyed. Studies conducted by other services will be considered along
with Amy studies to advance the survey and ensuie that this study does not duplicate areas of research
where previous work will suffice.




4. The IFS and functional descriptions for the IFS redcsign effort will be scrutinized to identify data
elerments and outputs directly related to characteristics of the predictive model. Data collection proce tures
must be fully researched when developing predictive models and methodology.

5. Policy implications must be evident in the study and the scope of research must it * ie
applicable DOD directives and instructions (Table A4). These should not be considered restrictive io the
design of predictive models, but methodology which is a departure from cument docuine will be
documented; recommendations to improve the process will be submitted.

6. Issues that may impact on resource requirements will be conisidered in ihe study. These are:
commercial activities vs. in-house workforce; economies of scale based on realignment of activities;
consolidation among nearby installations; and base closures based on disproportionate spending. The
nmodels must allow meaningful analysis of these issues.

IV. Approach

1. Participation by DA, MACOMs, and installations will be maintained during all stages of the
study.

2. Study will form a task force representing the best mixture of Govemment employees and contract
consultants,

3. Decision-makers will evaluate results at key steps to ensure that the approach is practical,
adequate, and suiiabie for adoption.

4. The study will attempt to develop algorithms to estimate cost (using existing daia base and
regression/correlation analysis) for near-term application (Phase I); then will proceed following the
conceptual framework to determine the data bases and systems best suited to effective resource planning
(Phase II). Feasibility of alternatives wiil be tested at selected sites. The approach should allow for
logical progression from the basic analysis of variables influencing past expenditres (for a given piece
of real property, these variables include age, size, condition, type of construction, mission, intensity of use,
location, etc., and those related to economics, contracting practice, and management policy) to the final
integration of ideas and techniques developed thus far. A total systems approach to resource planning for
facilities is the ultimate aim.




Table A4
DOD Directives and Instructions

‘l’ .

Procurement of Services for the Maintenance,
Regpair and Constrction of Real Property

Technical Publications Concerning Real
Property Activities

Inventory of Military Real Property

DOD Real Property Maintenance Activitics
Program

Utilization and Retention of Real Property

Program Control System for Real Property
Maintenance Activities

Program for Improvements in Financial Management
in the Area of Appropriations for Acquisition and
Construction of Military Real Property

DOD Insiruction 1135.2
14 January 1975
CH 13

DOD Instruction 4165.11
10 July 1973
CH 1-2

DOD Instruction 4165.14
21 December 1966

DOD Directive 4165.2
21 February 1976
CH 1-3

DOD Instruction 4165.20
29 August 1958

DOD Instruction 4165.58
8 August 1973

DOD Directive 70402
18 January 1961




APPENDIX B:

ALTERNATIVE PREDICTION MODELS

1 Introduction

1.1 Objective

The ultimate aim is to apply a total systems approach to resource pianning for facilities.

The objective of this appendix is to list all models that are either available now or will be in the
future from the simplest to the most complex, with no comparison.

The prime objective statements for a model are as follows:

a. The model must be based on the actual facilities at each installation.

b. The model must be able to address the effect of not funding programmed work on futurc
program requirements.

c. The model must be imnplementable as qQuickly as possible. It is envisioned that the steering
committee will compare and evaluate all models and then select a model that is:

Oriented to the unique features of facilives managemeni.
Susceptible to refinement without fundamental changes in concept.
Uniformly adaptable at installations worldwide.

Able to serve the planning and programming process at all levels.

Able to accurately forecast future resource requirements necessary to maintain and repair the
Army’s physical plari.

1.2 Accuracy

The accuracy of any model will depend on several factors. A few of the major factors that must
be considered during the development of a mode! would be:

a

b

. Level of effort expended for maintaining an accurate data base.

. Level of actual facility inspection, varying from none to complete inspection.

c. Sampling techniques that might be applied to select facilities if inspections are required.

[=9

. Relationships between the components measured and the predicied resources.

€. Research expended to document the effect of differcnt factors on the accuracy of the model (e.g.,

what is

the actuel difference in accuracy when using total square feet of floor area to predict floor M&R

resource requirements vs. using the actual square footage of each type of floor within the facility).
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1.3 Validation
If the model is to be validated through the collection of historical data within IFS, the IFS data must
be able to be combined into the factors used by the model. The redesign IFS will have four new
component digits to identify components. There are several problems with such validation procedures:

a. If funding provided is always below the required funding level, the historical data could possibly
be misleading as to actual needs because work would not be performed when needed.

b. If USACE'’s recording system cannot be related to the model, it would be very difficult to
validate the model. If the choice of using the new component ficlds is left to the individual installations,
the fields may never be used. Installations may decide that the new fields provide no useful information
to the instaliation and/or the installations would not care to spend the extra manpower to record at the
detail level.

¢. If managers schedule work in order to reach specific installation goals the data would not be as
useful.

1.4 Factors
The model to be developed should consider the effects of the following factors:
a. Occupants.
b. Weather.
¢. Logistics (movement from base (0 job site).
d. Indirect resource (managers, supervisors, support personngl).
e. Under-/over-funding.
f. Mission.
1.5 Historical Data Available
The four basic sources of historical data within the USACE are:
a. IFS.
b. STANFINS (Standard Army Financial System).
¢. Annual Summary of Operations/Technical Data Reports.
d. Paper Records.
Each source is described below.
IFS. During each fiscal year, the installation maintains two files that together comprise the most

detailed data available. The firsi file, known as A35AKB, contains all records entered into IFS during
the past 30 days. Afier the 30-day period, the records are moved to the A70 History file. At the close
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of a fiscal year, the A70 file contains all records issued during that year. Unfortunately, most installations
have not kept the A70 files for future reference. The installations have stated that a letter was received
during the first quarter of FY84 requesting that the A70 files be saved for possible future application.
Most installations have saved the FY83 A70 file as requested. The best cost information that is available
through the IFS system is as foliows:

¢ Actual records for in-house work on each facility during FY83.

* The R&D cost files that contain costs per component per facility for the current fiscal year, the
previous fiscal year, and the total since IFS was implemented.

STANFINS. The Standard Amy Financial System, known as STANFINS, contains all cost dala
for each installation. The most detailed level of information available is the Account Processing Code
(APC) which is a four-digit code applied to facility types only. STANFINs records have been available
at most installations since 1979 in an annual summary format. STANFINS data are not coded by
individual facility or individual component. The system is currently being redesigned to contain fewer
APC codes, thus reducing the level of detail within the system.

ummary of tions/Technical Da rts. Installations have been required to produce
annual summary information by the Army Management Structure (AMS) Codes--the Technical Data
Report. The unit of measure and base unit quantity information are obtained from several installation
sources. The total cosis figure is basically obtained from STANFINS. The lowest level of information
available is by AMS code. Information about individual facilities or components is not available.

Paper Records. Service order (SO) and individual job order (IJC) documents are normally retained
for 1 or 2 years. Other paper records are usually held for less than 1 year. Some records for contractual
work may be kept for a longer period.

1.6 Format

The basic altemnative prediction medels addressed include:

a. Continuation of the current method.

b. Historical funding.

c¢. Installation 5-year plan through application of shop knowledge.

d. Application of existing IFFS data.

e. Application of expanded IFS-R data.

f. Fixed percentage of the current replacement cost.

Each alternative prediction model will be summarized as follows:

* Generl description

*  Model Development




* Advantages
* Disadvantages.
1.7 Model Selection

More than one model may be used in forecasting total M&R requirements. It is possible that
completely different models would be selected for different groups of AMS codes. Totally unigue
facilities, such as ranges, could apply a shop knowledge driven S-year plan. Similar facilities, such as
buildings, could apply facility component lifecycle data. Highly equipment oriented facilities such as
water and sewage treatment plants could apply resource requirement models at the level of an individual
piece of equipment.

2 Model 1: Continuation of the Current Method
2.1 General Description

The current model requires that each continental United States (CONUS) installation develop an
annual Unconstrained Requirements Report (URR) and a list of Backlog of Maintenance and Repair
(BMAR) activities. BMAR activities are URR activities that were scheduled in previous years but not
funded. In Europe, the Major or Subordinate Command develops the URR documents for the installations.
OCE develops a S-year funding requirement report based on the MACOM's annual URR and BMAR.
The model assumes that the annual M&R requirements are consiant for each installation and these costs
increase only with inflation. The sum of the following three items comprise the total resources for the
current model:

a. Inflation-adjusted UKR.

b. BMAR to be completed during the year.

¢. Further deterioration of facilities caused by unfunded BMAR. The URR is adjusted by inflation
factors to produce cost figures for § outyears. It is assumed that a percentage of the BMAR will be
funded each year. This BMAR peicentage is adjusted for inflation. It is also assumed that the unfunded
BMAR facilities will continue to deteriorate at a fixed percentage per year until the BMAR has been
completed. Unfunded BMAR is also adjusted for inflation.
2.2 Model Development

No development is required as the model is currently in place and working. This is a manual
process in which hard copy tables are generated from summaries provided to Office of the Chief of
Engineers (OCE) by the MACOMs.
2.3 Advantages

a. The system is already developed.

b. The system requires minimal invclvement by the installation.

c. The system requires no additional installation manpower resources to maintain,

d. This system requires very little data.




2.4 Disadvantages
a. This model is not based on the actual condition of the facilities at an installation.

b. This model cannot be applied 1o identify the actual M&R needs of the facility, installasions,
subordinate commands, or MACOMs.

¢. It is difficult to support or document this model to higher authorities.
d. What-if questions cannot be answered with this type of model.
e. This model is not based on the actual management procedures at an installation.

f. This model does not involve the creation of standard M&R procedures for use throughout
USACE.

g. This model could result in continually underfunding M&R requirements, leading to a general
decline in facility maintenance.
3 Mode! 2: Historical Funding
3.1 General Description

This model requires little effort by the Directorate of Engincering and Housing (DEH). Kecurring
maintenance factors (RMFs) are published in AR 420-16, Facilitics Engineering Reports. These factors
arc 5-year average costs per unit measure per facility category code. These costs are based on 5 years of
historical data, adjusted for inflation.
3.2 Model Development

No additional work is neceded as the data is in the Red Book and the RMFs are updated by
HQUSACE.

3.3 Advantages
a. The Annual Summary of Operations data are normally prepared yearly vnder the current sysicm.
b. Requires no additional installation participation.
c. Results are easy to calculate and apply.
3.4 Disadvantages
a. This model does not relate funding levels to identified needs.
b. The model assumes that the funding for previous years was adequate.
¢. The incremented previous years' data cannot be analyzed or validated.

d. Activities subject to multivanable influences year to year are not well represented.
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¢. The model assumes that requirements will occur at the same constant rate as in the past.

f. This model forces uniformity in costs even when this is not realistic or representative of real
needs.

g- The model tends to perpetuate whatever inequities existed in the past.

4 Model 3: Installation S-Year Plan Through Application of Shop Knowledge
4.} General Description

This model would require the DEH to manually prepare a 5-year M&R plan by individual facility
or facility group. This model would be a mariual spreadsheet form approach to the development of an
M&R prediction plan. A standard spreadsheet form would be developed for cach major facility type.
Each installation would be required to submit summary fonrs by facility catcgory codes to the next higher
command. Each instailation would be free to develop the total annual M&R requirements as it wishes.
Some facilities could be handled on an individual basis. Other facilities could be combined and handled
as one logical group. Thc shop knowledge envisioned is the current visual inspection being performed
by the tradesmen as they perform their daily preventive maintenance (PM), SO, and 1JO tasks. No
additional inspection would be required.

4.2 Model Development

This model would require the design of standard forms to addregs all facility tynes. A set of written
instructions would be prepared to document ihe process. The standard forms could be completed using
PC spreadsheet systems and forwarded using PC diskettes if installations and MACOMs desired to support

this approach.
4.3 Advantages

a. This model provides a standard methodology for recording M&R requirements by individual
facility or groups of facilities for all installations.

b. The model does not explicitly require the maintenance of a computerized data base but could
be ecasily adapted for automation.

c¢. Eachinstallation could calculate required resources based on its individual method for performing
the work,

d. The mode! does not require establishment of M&R standards for any component as each
installation applies its own standards.

e. Each installation could develop its own method for determining the data placed on the
spreadsheet. Some installations might establish a very detailed life-cycle M&R system on PCs, whereas
others might conduct coordination conferences to develop the data.

f. This model is based on the predicted M&R requirements for each facility as calculated by each
installation.

g- It is easy to document the model for review by higher authorities.
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h. The model creates useful information for installation management.
4.4 Disadvantages

a. This model rcquires that each installation become involved in developing the S-yecar plan.

b. This model rcquires manpower to perform a new function at the DEH. Since no additional
manpower would be provided and the DEH is already understaffed, if the benefit of this 5-year plan to
the installations is considered marginal, very litile manpower might be available to perform the task. The
intended accuracy may also suffer.

¢. There would be no uniformity across installations in work standards/methods.

d. It would be time-consuming and labor-intensive to answer what-if questions, but it is possible.

§ Model 4: Application of Existing IFS Data
5.1 General Description

This mode! uses only facility information obtained from the existing IFS. The installation can
currently enter a limited amount of component information into IFS: at most, cne construction type per
component, one measurement quantity per component, and one date of the last component replacement.
Computer programs would be added to HQ-TFS to calculate the M&R dollar resources based on the
curreni daia ficlds wiihin ITS. This medel would not reauire expansion of the current IFS capabilities.
Computer programs would be maintained by USAEHSC and executed only by OCE. There would be no
additional installation support requirement beyond the current need to keep the IFS data up to date.

Life-cycle costing by basic IFS components and/or meaningful Recurring Maintenance Factors could
be applied to a few specific IFS components. The life-cycle cost method outlined below is presented as
the best way to obtain detailed M&R data. For a building component:

a. A schiedule of PM is determined using the manufacturer’s recommendations, the coniractor’s
experience, and other sources.

b. Each PN job is divided into tasks, and the manpower requircments for each task are determined
using EPS or other DA technical documents.

¢. The expected failure rate of the ;:omponem is used to determine frequency of repairs.
d. Each repair job is tasked as in No. 2 above.
e. Marterial requirements are calculated for each PM or repair job.
f. Yearly total manpower and material requirements are calculated.
5.2 Model Development
Since the best currently available IFS information field io relate electrical and mechanical systems

would probably be square footage and date of installation, research would be needed to relate such footage
with M&R requirements. Likewise, research would be required to develop relationships for all other IFS
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component information fields. This would be a very difficult task in areas such as the IFS component
named "structures." Algorithms would be developed for these relationships and HQ-IFS would be modified
to include them.

All installation IFS component data bases would have to be updated and/or verified to reflect the
actual facilities, including accurate contract data, construction maierials, and replacement dates. A
workable system for keeping the IFS data current would have to be designed and implemented since no
current method is being applied successfully by the installations.

5.3 Advantages

a. No involvement is required of the installation to execute the model.

b. The model uses current fields within the IFS data base.

¢. No additional computer hardware equipment is required.

d. The model does not require the establishment of maintenance standands for installations.

5.4 Disadvantages

a. IFS component construction type and replacement date data fields are not currently updated by
installations. This data is not being used by the installation or OCE at present. There is limited accurate
information within the IFS data base 1o be applied within the model.

b. Currently little information is kept in IFS about the electrical, plumbing, and HVAC sysiems.
Information about interior wall construction, doors, and windows also is limited. The accuracy of
predictions based on such limited facility information might be questioned. Information about
nonbuilding-type facilities are even more general.

¢. The model requires more installation spending to develop accurate construction material and
replacement date data.

d. It would be difficult to evaluate the accuracy of the model due to the limited number of
parameters applied. :

e. It would be difficult to answer what-if questions due to the limited number of parameters applied.
f. This model does not produce a set of maintenance standards for application by installations.

g. It requires the development of tiew computer programs.

6 Model 5: Application of Expanded IFS-R Data

6.1 General Description

This model would use only facility information that would be obtained through a modificd IFS-R
system. This model would contain standard spreadsheet reporting formats to be applied by all
instaliations.  Instaliations would have the option of preparing spreadsheets manuaily or through
application of an expanded IFS reporting system.




Manyal Operation. The manual system could be used by installations that do 7wt wish to maintain
the optional expanded IFS-R data. A report containing life-cycle resources for each facility component
would be provided. Each installation would review this data and make adjustments such that the data
would conform to the installation’s actual operating procedures. The installation would picpare
handwritten spreadshects for bott: individual and/or groups of facilities as required. Data reported would
be based on the adjusted report fata and knowledge of the actual facility conditions.

IFS Computer-Assistcd Operation. Life-cycie resource data would reside within the installation
IFS-R. Each installation would review this data and make adjustments to conform to the installation’s
actual maintenance procedures. The installation would enter the actual facility components and the
number of identical facilities within the greup. The installation IFS-R (or the HQ-IFS) computer wouid
perform all calculations, reports, and provide a data base that could be queried interactively.

Possible Design Features.

1. Fust- and second-iine DEH supervisors could interactively query the model to obtain M&R
information.

2. The lowest level within the model would be the detailed facility coraponent. DEH managers
would establish the exact level of detail required for each facility.

3. The model would support the actual management system being used by cach individval
installation.

4. The model would group facility componcnts intc facility systems, systems into a rorai faciliiy,
and facilities into facility category codes.

5. MACOMs could review and revise cost figures submitted from lower levels and pass final
approved command reports 0 the next higher level.

6. Funds could be allocated to subordinate levels.

7. Limited "what-if" activities related to a 1-year deferral of a component M&R activity could be
performed.

8. A priority activity list based on reprogramming impact could ve produced.

9. The model would aliow instaliations to change estimatea activity peirformance dates to conform
with actual facility conditions.

10. The model would produce required activities and quantities for next year's Commercial
Activities (CA) contracts.

6.2 Model Development

A report containing the DEH-defined and -approved level of detail necessary to accurately predict
M&R resources wiil be provided through the steering committee to USAEHSC for possible inclusion in
the current IFS redesign program.

As an expedient, inierim, and temporary test solution until the relcase of IFS-R with the

modifications, USACERL will develop required computer piograms for PC applications. One PC would
be used to test the model’s effectiveness. The USACERI. research team would provide the PC as part
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of the test equipment. The 10 installations would perform all caiculations while this unit is ensite. Life-
cycie resonrce requirements will be developed by USACERL for each detailed component defined by the
DEH. Each component would have @ minimum of two cycles: (1) M&R with no replacecment and (2)
M&R with normal replacement. What-if questions could be answered by comparing the iwo cycles.
6.3 Advantages

a. This model would provide the first draft of an enginecring estimate of required resources for
outyears which could be validated by a fast inspection program.

b. The model would provide a inanagement tool to the installation.

¢. The model would prov' “: a gaide for stock ordering so that materials are always avaiiable beiore
the expected need actually occ ..

d. The model would provide an engineering-based requirement for in-house labor force request
justification.

¢. The level of detail would provide amounts for inclusion in the insiallation’s CA documents.
f. The first draft of the URR would be produced.
2. The model would produce the first draft of the Annual Requirements Report (ARR).
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vs. automated).

i. The model would be easy to document.

j- Each installation could calculate resources based on its individual methods for performing work.

k. The model could answer limited what-if questions.

1. This derailed model would contain M&R standards for uniform anplication shroughout USACE.
6.4 Disadvantages

a. Anaccurate data base with more detail than any existing computer data base must be constructed
and maintained. This would require manpcwer and dollars.

b. Some new installation management procedures would be required to ensure that accurate data
is entered by icchnically competent personnel.

¢ PCs might be required at some installaticns t support this mode) until the prediciion system is
available through IFS-R and BQ-IFS.

d. This model requires that the inst.lations assume an aclive role in predicting M&R resources.

e. The M&R teams would have ti. record activity numbers on the Labor and Equipment (I.&E)
cards for rccordkeeping.




f. The model requires the establishment of general M&R standards that are modifiable by the
installation.

g. The medel requires a modificaticn to IFS-R and HQ-IFS,

7 Model 6: Fixed Percentage of the Current Replacement Cost
7.1 General Description

This model uses the current facility replacement cost and a percentage multiplier to predict M&R
requirements. The model would provide a constant percentage of the facility replacement cost each year
for M&R.
7.2 Model Development

The actual life-cycle costs curve for a facility must be known before this informatich can be
averaged and divided by the original construction cost to provide a percentage of the replacement value.

7.3 Advantages
a. This would be a very simple conceptual model.

b. It requires no additional work by installation personnei.

a. An individual facility does not require a constant doliar expenditure per ycar. Therefore, the
accuracy for a given year of this approach is questionable. Zero-based budgeting does not allow the
building of escrow accounts.

b. Application of the original construction cost indexed into the future as a replacement cost does
not produce an accurate replacement figure. Whea replacements are performed, the new building must
apply the current design criteria, not the old critena. The original costs to construct many facilities are
unknowi,,

¢. This type of approach does not consider the actual conditicn of the current facility or the effect
of the occupant on it.

d. What-if questions cannot be answered with such a simpiistic model.

¢. Previous research by Stanford University has shown that such an approach cannot accurately
supply necded resources in a timely fashion.

f. No actual maintenance standards are established by this type of model.
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